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HccaegoBaHue MOJIEKYJIAPHO-KJIETOUYHBIX MEXaHU3MOB
¢pudpo3upoBaHUA NMEeUEHU KPbIC MPU MOCTTOKCUYECKOM rernarose
CMEUIaHHOU 3THOJIOTUHU U IMPU IIPUMEHEHUH OKHUCJIEHHOTO
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AHHOTAITUA

BBegeHnue. BocHOBe pa3BuTus OUpPpO3a IeYEHU, BHE 3aBUCHMOCTH OT STHOJIOTUH, JIEXKUT Ipouecc ¢dpubposa u
CTPYKTYPHOU IIePeCTPOMKH OpraHa. Peryssius 3Toro mporecca CBsi3aHa ¢ BBICOKUM ypoBHeM 3kcipeccuu TGF-f u noza-
BJIGHHEM arlorTo3a B renaronurax. OkucyieHHsri Aekcrpat (O/1) o61aaeT BBICOKOM MPOTUBOGUOpOTHUECKOU 3 PEKTUB-
HOCTBIO, crIocO0eH U3MeHATh QYHKIIMOHAIBHOE COCTOsIHUE (aronuTUpyIomiel KJIeTKY, IPeNATCTBY TaKUM 00pa3oM pas-
BUTHIO GUOPO3a, CTUMYJIUPYS pellapaTUBHBIE IIPOIECCH B OpPTraHaX MPU MOCTTOKCHUECKUX TelaTo3axX v IUPPo3e MeYeH .
Il e nbp. V3yuyeHHe MOJIEKYJSIDHO-KJIETOUHBIX MeXaHU3MOB BiausHusA OJ] Ha sKcOpeccHio OETKOB 3MUTETHAIBHO-
Me3eHXUMAaJIbHOU TPAaH3UIUU B mpoliecce GUOpo3UpoBaHUs U HOPMHUPOBAHUS IUPPO3a IEUEHU IIPU ITOCTTOKCUYECKOM
rernarose y Kphbic.

MaTtepuaab WU METO/ bl. B3KCIepuMeEHTe UCIIOIH30BAJIH 30 KPhIC-CAMIIOB ITOPO/IbI Brictap ¢ maccoii Tena
280—-320 r. JKHBOTHBIX pa3/e N Ha 2 rpymnnsl. Kpbicam 1-ii rpynimsl (renaro3) MOCTTOKCHYECKHH TeraTo3 MOJEeIUPO-
BaJIM IyTeM BBeZieHus pactsopa CCl, 1 9Ti10B0rO0 cipta. JKUBOTHBIM 2-i IPYIIIIBI HOCTTOKCHYECKUH TellaTo3 MOZeINPO-
BaJIM aHAJIOTUIHBIM CIIOCOOOM, YTO U KpbIcaM 1-¥ rpymnnsl, U BBoauiu O/1. [TocunThIBaIN YUCIEHHYTO IIOTHOCTD (Nai)
HellapeHXNMaTO3HbIX KJIETOK IeyeHu, skcnpeccupyomux TGF-f (kierox Kyndepa, sunorenuonutos, GpubpodiacTos).
Akcnpeccuto E-kanrepuna, BumenTrHa, SNAIL + SLUG oneHuBaiu B pubpobIacTax u rernatoruTax.
Pes3ynbTartbl . YnucaenHas mioTHocTh (Nai) rernaronuToB, 3KCIPECCUPYONIUX BUMEHTHH, ITpeobJiajiaa B IIeUeHI
KpbIC 1-U Tpynmsl (Ternaros), B CPaBHEHUH C TAKOBOH y »KUBOTHBIX 2-H rpymimsl (remato3 + O/]) Ha 30-e u 60-€ CyTKH.
VY JKUBOTHBIX 1-# (remnaros) rpymmbl Ha 60-e CYTKYA OTMeUasTd B 3 pa3a MEHbIIYI0 YUCJIEHHYIO IJIOTHOCTD TE€MIATOIUTOB, SKC-
npeccupyoonux E-kaarepus, B cpaBHEHHUH € TAKOBOH y KpbIC, nosydaBiux O/ (2-s rpymima). Y ;KUBOTHBIX 1-1 (TemnaTos)
TPYIIIBI HA 30-€ U 60-€ CyTKH OTMEeYasIy B 2 pa3a U 5 pa3 G0JIbIIYI0 YHUCIEHHYIO IVIOTHOCTh FeaTOIUTOB, SKCIIPECCUPYIO-
mux SNAIL + SLUG, B cpaBHEHUU € TAKOBOH Y KPBIC 2-1 TPyIIbl. YncieHHAas IIIOTHOCTh GUOPO6IACTOB, SKCIIPECCUPYIO-
IUX BUMEHTUH, NpeobJiajiajia B MeueHu KpbIc 2-U rpynmsbl (renato3 + O/), B CPaBHEHHH C TAKOBOM y JKMBOTHBIX 1-H
rpyIisl (rermaTos) Ha 30-€ CyTKU. Y XKUBOTHBIX 1-1 (TernaTos) Ipymniibl Ha 60-e CyTKH OTMEYaId B 6 pa3 GOJIBIIYIO YHCIeH-
HYIO IJIOTHOCTH (GU6GPO6IIACTOB, SKCIpecCUpyIIuX E-kafireprH, B CpaBHEHUHU € TAKOBOH Y KpbIc, mosty4yaBmux O/l (2-s
rpymmna). Y ;KUBOTHBIX 1-H (Ternaros) rpymnsl Ha 30-€ U 60-e CyTKH OTMEeYaIH B 6 U 7 pa3 GOJIBIIIYI0 YHCIEHHYIO ITIOTHOCTD
¢dubpobnacros, sxcrnpeccupyomux SNAIL + SLUG, B cpaBHEHHH C TaKOBOH y KpbIC, moaydaBmux O] (2-s1 rpymma).
B neueHu KUBOTHBIX 2-# rpymisl (rematos + O/I) urceHHast IVIOTHOCTH KJIETOK, SKcpeccupyomux TGF-, 6puta MeHb-
IIed B CPABHEHUH C TAKOBOH y KMBOTHBIX 1-U IpymIibl (remnaTos) B 2.5 pa3a — Ha 30-€ CYyTKH U B 3.6 pa3a — Ha 60-e CyTKH
SKCIIEPUMEHTA.

BaxknwueHHe. IIpuIOCTTOKCHIECKOM TeNaTO3€ B TAPEHXUMATO3HBIX U HETAPEHXUMATO3HBIX KJIETKAX MeYeHH
Bospacraer skcipeccusi 6eaxkoB TGF-f3, SNAIL + SLUG 1 BUMEHTHHA, CIIOCOOCTBYSI 0OPETEHHIO KJIETKAMU ME3EHXUMAaIb-
HOT0 UMMYHOGbEHOTHUIIA, YTO IPUBOAUT K YCHIEHUIO TPodUOpoTHUecKuX 3 GeKTOB ¥ GOPMUPOBAHUIO INPPO3a IIEYEHH.
ITpumenenue O/l Ipy IMOCTTOKCHYECKOM Trelaro3e CHIIKAET dKcrnpeccuio BuMeHTHHa, TGF-f u 6eKoB snuTennanibHO-
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Me3eXUMaJIbHOU TPAaH3UIUY B MAPEHXUMATO3HBIX U HellapeHXMMATO3HBIX KJIETKAX IIeYeHU, UTO YMEHBIIAeT BhIpaKeH-
HOCTH (PpUOPOIIIACTHYECKUX IIPOLIECCOB U IIPEMATCTBYET PA3BUTHIO IMPPO3a IT€YEHH.

Knaoueevle caoea: TOKCUUECKUU TrernaTo3, LUPPO3 IIeYeHW, KpBICHI, OKHUCJIEHHBIH JeKCTpaH, 3NUTeIHaIbHO-
Me3eHxuMasbHasa Tpausunys, TGF-f.
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Investigation of molecular and cellular mechanisms of liver
fibrosis in rats with post-toxic hepatosis of various etiologies
and with the use of oxidized dextran
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ABSTRACT

Introduction. Thedevelopment of liver cirrhosis, regardless of etiology, is based on the process of fibrosis and
structural alteration of the organ. Regulation of this process is associated with a high level of TGF-f expression and sup-
pression of apoptosis in hepatocytes. Oxidized dextran (OD) has a high antifibrotic activity and is able to change the func-
tional state of the phagocytic cell, thus preventing the development of fibrosis and stimulating reparative processes in
organs with post-toxic hepatosis and liver cirrhosis.

Aim . Tostudy the molecular and cellular mechanisms of the effect of OD on the expression of epithelial-mesenchymal
transition (EMT)-associated proteins during fibrosis and the development of liver cirrhosis in rats with post-toxic hepatosis.
Materials and methods. Intheexperiment, 30 male Wistar rats weighing 280—320 g were used. The ani-
mals were divided into 2 groups. In group 1 rats (hepatosis), the post-toxic hepatosis was modeled by administration of a solu-
tion of CCl and ethyl alcohol. In rats from group 2, the post-toxic hepatosis was modeled in the same way, and OD was admin-
istered. The numerical density (Nai) of liver nonparenchymal cells expressing TGF-f (Kupffer cells, endothelial cells, fibro-
blasts) was calculated. The expression of E-cadherin, vimentin, SNAIL + SLUG by fibroblasts and hepatocytes was evaluated.
Results. The numerical density (Nai) of hepatocytes expressing vimentin prevailed in the liver of group 1 rats
(hepatosis), compared with that of group 2 animals (hepatosis + OD) on the 30th and 6oth days. In animals of the 1st
(hepatosis) group on the 60th day, a 3-fold lower numerical density of hepatocytes expressing E-cadherin was noted in
comparison with that in rats treated with OD (group 2). In animals of the 1st (hepatosis) group on the 3oth and 6oth days,
a 2-fold and 5-fold higher numerical density of hepatocytes expressing SNAIL + SLUG was noted in comparison with that
in rats of the 2nd group. The numerical density of fibroblasts expressing vimentin prevailed in the liver of group 2 rats
(hepatosis + OD), compared with that of group 1 animals (hepatosis) on day 30. In animals of the 1st (hepatosis) group on
the 60th day, a 6-fold higher numerical density of fibroblasts expressing E-cadherin was noted in comparison with that in
rats treated with OD (group 2). In animals of the 1st (hepatosis) group on the 30th and 60th days, the numerical density of
fibroblasts expressing SNAIL + SLUG was 6 and 7 times higher than in rats treated with OD (group 2). In the liver of ani-
mals of the 2nd group (hepatosis + OD), the numerical density of cells expressing TGF-[f was lower in comparison with that
of animals of the 1st group (hepatosis) by 2.5 times on the 30th day and 3.6 times on the 60th day of the experiment.
Conclusion. Inpost-toxichepatosis, the expression of TGF-f, SNAIL + SLUG and vimentin proteins increases
in liver parenchymal and nonparenchymal cells, contributing to the acquisition of a mesenchymal immunophenotype by
cells, which leads to increased profibrotic activity and the development of liver cirrhosis. The use of OD in post-toxic hepa-
tosis reduces the expression of vimentin, TGF-3 and EMT-associated proteins in liver parenchymal and nonparenchymal
cells, which decreases the severity of fibroplastic processes and prevents the development of liver cirrhosis.

Keywords: toxic hepatosis, liver cirrhosis, rats, oxidized dextran, epithelial-mesenchymal transition, TGF-f3.
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BBEJIEHUE

Ha coBpemeHHOM 3Tame i IUpPpPO3a IEYEeHU
XapaKTepHbI BBICOKAsg YacToTa 3a00JIeBAEMOCTH U
JeTanbHOCTH [1, 2]. IIpu aTOM JsieueHue pubposa u
[MPPO3a IeYeHN HOCUT CUMIITOMAaTHIECKUH XapaK-
Tep U HANPAaBJIEHO HA KOPPEKINIO BO3HUKAIOIIUX Y
MAIEeHTOB OCJIOXKHEHHH, a B psAJie CIydaeB IIpUMe-
HSIETCS TPAHCIUIAHTAIUSA ITedeHu [3].

B ocHOBe pa3BuTHA IIUPpPO3a IIEUEHU, BHE 3aBU-
CHUMOCTHU OT 3THOJIOTHH, JIEXKUT Iporiecc hpubposa u
CTPYKTYPHOU TIIEpECTPOWKH oOpraHa. Perynanus
STOTO IIPOIECCA CBS3aHA C BBICOKUM YPOBHEM 3KC-
npeccuu TGF-3 u o/1aByieHreM arnomnTosa B rernaro-
nuTax [3]. B xauecTBe OCHOBHOTO MCTOYHHKA IPO-
nykuun TGF-B paccmarpuBaror mMakpodaru, yda-
CTBYIOIIIE B PETyJIAIUM TpolieccoB ¢ubposa [4].
Kpome Toro, B npouecce ¢Gbubpo3upoBaHUs ITeYeHH
U Pa3BUTHA [HUPPO3A 33/IEHCTBOBAHBI MEXaHU3MbI
SIUTENTHATBHO-ME3eHXUMaTbHON TPaH3UIUU
(BMT). OToT mpoIecC COMPOBOKIAETCS BDKCIIPec-
cueit 6es1koB SNAIL u SLUG 1 umeeT cBs3b C YBeJIH-
yenuem skcrpeccuu TGF-B [5]. [Ipu sTom cHuka-
€TCsI YPOBEHb HKCIIPECCHH KOMIIOHEHTOB, 0Oecreun-
BAIOIINX KJIETOUHbIE COEAWHEHWS, B YACTHOCTH
E-kasrepuHa, HO BO3pAcTaeT SKCIPECCHS BHUMEH-
THHA B SIUTEJIUAIbHBIX KJIETKaX IIeueHu [6, 7].

PaHee O6bL1a IPO/IEMOHCTPUPOBAHA BBICOKAS ITPO-
tuBoubpoTnueckas 3G@PEKTUBHOCTh JIU30COMO-
TPOITHOTO BEIIIECTBA — OKUCIEHHOTO fiekcTpaHa (O/1),
CIIOCOOHOTO JTUTEIPHO HAXOIUTHCSA B BAKYOSIPHOM
amnmnapare Makpodara u U3BMeHATh QYHKIMOHAJIbHOE
cocTosiHue (HaroIUTUPYIOIIEH KJIETKH, CLIOCOOCTBYsI
HaKOIUIEHUIO JIN30COMAJIbHBIX (PEPMEHTOB M 3DKC-
IIpecCUy MAaTPUKCHBIX MeTasuionporennas (MMPs),
ux uHrHOuTOpOB (TIMP), OTBETCTBEHHBIX 3a Jlerpa-
A0 BHEKJIETOYHOTO MATPHUKCA, IPEMSATCTBYS
TakuM 00pa3oM pasBuTHIO (GUOP03a, CTUMYJIUPYA
perapaTuBHbIE ITPOLIECCHI B OPTaHAX IIPY PA3TUYHBIX
SKCIEPUMEHTAIbHBIX YCJIOBUAX, B TOM YHCJIE IIPU
ITOCTTOKCUYECKHUX TellaTo3ax U MUppo3e rneueHu [8].
O/1HAaKO B XOJle IPOBOJUMBIX HCCJIEIOBAHUN BBIS-
BUJIH, 4TO 3Kcnpecensa MMPs u TIMP nipu nocTTok-
CHYECKUX TelaTo3axX U IUPpO3e MEeUYeHU BhIPaKeHa
c1abo u He OOBSACHSET B IIOJTHOH Mepe MOTyIeHHBIH
npotTuBoduOpoTrueckuit addext O/.

ITEJIb UCCJIEJIOBAHUSA

VzyueHrie MOJIEKYJIAPHO-KJIETOUHBIX MEXaHU3-
MoB BiusHus O] Ha skcrpeccuto 6enxkoB OMT B
mporiecce GUOPO3UPOBAHUA U POPMHUPOBAHUS IIHUP-
po3a TMEeYeHW MPU MOCTTOKCHUYECKOM TemaTo3e y
KpBIC.

INTRODUCTION

Currently, liver cirrhosis is characterized by high
incidence and mortality [1, 2]. At the same time, the
treatment of fibrosis and liver cirrhosis is symptom-
atic and aimed at correction of complications, and in
some cases, liver transplantation is used [3].

The development of liver cirrhosis, regardless
of etiology, is based on the process of fibrosis and
structural alteration of the organ. Regulation of
this process is associated with a high level of TGF-[3
expression and suppression of apoptosis in hepato-
cytes [3]. Macrophages involved in the regulation
of fibrosis are considered the main source of TGF-3
production [4]. In addition, the mechanisms of the
epithelial-mesenchymal transition (EMT) are
involved in the process of liver fibrosis and the
development of cirrhosis. This process is accompa-
nied by the expression of SNAIL and SLUG pro-
teins and is associated with increased TGF-f3
expression [5]. At the same time, the level of
expression of components providing cellular junc-
tions, in particular E-cadherin, decreases, but the
expression of vimentin in liver epithelial cells
increases [6, 7].

Previously, a high antifibrotic activity of a lysoso-
motropic substance, oxidized dextran (OD) was dem-
onstrated of being capable to stay in the vacuolar
apparatus of the macrophage for a long time and
change the functional state of the phagocytic cell, con-
tributing to the accumulation of lysosomal enzymes
and expression of matrix metalloproteinases (MMPs),
their inhibitors (TIMP) responsible for the degrada-
tion of the extracellular matrix, thus preventing the
development of fibrosis, stimulating reparative pro-
cesses in organs under various experimental condi-
tions, including post-toxic hepatoses and liver cirrho-
sis [8]. However, the studies conducted showed that
the expression of MMPs and TIMP in post-toxic hep-
atosis and liver cirrhosis is poorly and does not fully
explain the antifibrotic activity of OD.

AIM OF THE RESEARCH

To study the molecular and cellular mechanisms
of the effect of OD on the expression of EMT-associ-
ated proteins during fibrosis and the development of
liver cirrhosis in rats with post-toxic hepatosis.

MATERIALS AND METHODS

In the experiment, 30 male Wistar rats weighing
280—-320 g were used. The experiment was carried
out in accordance with the Directive 2010/63/EU of
the European Parliament and the Council on the pro-
tection of animals used for scientific purposes, the
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MATEPUAJIBI 1 METO/IbI

B skcriepuMeHTe UCIIOIb30BaJIH 30 KPhIC-CAMIIOB
mopozbl Bucrap ¢ maccoit Tena 280—320 1. JKcie-
PHUMEHT BBITIOJIHEH B COOTBETCTBUH C ITOJIOKEHUSAMHU
HdupektuBel 2010/63/EU EBpomelickoro mapJa-
menTa u CoBerta EBponelickoro Coro3a 1o oxpaHe
JKUBOTHBIX, UCIIOJIb3YEMBIX B HAYIHBIX IEJIsAX, MerK-
rOCYZIJapCTBEHHBIM CTaHJIAPTOM II0 COJIEPKAHUI0 U
VX0 3 JIabOPAaTOPHBIMU KUBOTHBIMH (7-€ TIEPen3-
JaHue, 2019 T.).

JKuBOTHBIX pa3aeauiiu Ha 2 rpynibl. Kpeicam 1-t
rpynnsl (renaTo3) MOCTTOKCUYECKUH TelaTo3 Mojie-
JIMPOBAJIH ITyTEM UHTPAIIEPUTOHEATTLHOTO BBEIEHUS
1 pa3 B KaXJple 4 CyTOK 50% MacJssHOTO pacTBopa
CCl4 B 7103e 1 MJI/KT Macchl Tesa. Ilocme Kaxkaoro
TAaKOTO BBEJIEHUs Ha CJIEyIOIINe CYTKH uYepes
TIOWJIKY BBOJWJIH 6.5% BOJIHBIN PAcTBOP 3THJIOBOTO
ciupra (B cpeiHeM 40 MJI Ha Kpbicy). Beenenne CCl,
M BOJHOTO PACTBOpPA STHUJIOBOTO CIHUPTA IIPOJIOJ-
JKaJId B TeYEHHE 60 CyT, 10 GOPMHUPOBAHUA ITUPPO3a
IMeUYeHd C XapaKTEPHbBIMHU MPHU3HAKAMH B BHJE
acnuTa, THAPOTOPAKCa, TeMOpPpParuyecKkoro CHH-
JIpOMa | JIOKHBIMHU JIOJIbKaMH B TleueHHu. ;KHUBOT-
HBIM 2-# Tpynisl (remaTto3 + OJI) TOCTTOKCHYECKUH
rernaro3 MOJIEJIUPOBAIN TaK K€, KaK U JKUBOTHBIM
1-U TPyNIIBI, HO, HAYMHAA C 1-X CYTOK HKCIIEPUMEHTA,
1 pa3 B KaKk/ble 4 JHsS WHTPAIlEPUTOHEATBHO BBO-
JUATH TI0 2 M1 5% BogHoro pactBopa O/l (40 x/la).
Beenenune O]] xpricam 2-# rpymmsl (remaros + OJT)
MPOZIOJDKATU 10 60-X CYTOK. JKHMBOTHBIX BO BCEX
TPYIIIax Ha TPOTSI?)KEHUU SKCIIEPUMEHTA COIEPIKAIIH
B CTAH/IAPTHBIX YCJIOBUAX BUBAPUs HA CTAHIAPTHOU
J1ab0PATOPHOM AVieTe U BBIBOIVJIU M3 DKCIIEPHUMEHTA
Ha 30-€ 1 60-€ CyTKHU OT Hauajla BBEeJIEHUs TOKCHYe-
ckuX (haKTOPOB IyTEM JIEKAIUTAINH 107 HAPKO30M
M3 cMecH TiieTaMuHa (50 Mr) v 3o1a3enaMa (50 Mr)
10 0.1 MJI Ha 100 T Macchl TeJia.

Insa ucciemoBanus 3abupanu OOJIBIIYIO JIOJO
neuenu. [locie dpukcanuu o6pa3IoB neYeHu B 10%
3a0ydepeHHOM HEUTpasbHOM (OpMAaINHE UX IOJ-
BEprayii JJAJIbHENIIIEH CTAaHJIAPTHOU THUCTOJIOTHYE-
CKOI 06paboTKe: TPOBOAMIIN Yepe3 CEPUI0 CITUPTOB
BO3pacTaIled KOHIIEHTPAIlNH, 3aKJII0YaJIN B ITapa-
dun. Ha muxporome Microm HM355S (Thermo
Scientific, CIIIA) M3roTaBJauBaJInd I'MCTOJIOTHYECKHE
cpe3bl TOJIMUHON 5—6 MKM. IlosiyueHHbBIE Cpe3bl
OKpAIlIMBaIM TEMAaTOKCHJIMHOM M 503WUHOM. MMMy~
HOTHCTOXMMHUUECKOE OKDPAIIMBAHUE CPE30B IIPOBO-
JIJTN  CTaHJAPTHBIM IEPOKCUIA3HBIM METOJIOM,
MPUMEHSJIM MOHOKJIOHaIbHBbIe aHTutesna Kk TGF-f,
E-kanrepuny, sumentuny, SNAIL + SLUG B passe-
JICHUU,  PEKOMEHJIOBAHHOM  IIPOU3BOJIUTEJIEM
(Abcam, BesnmkobpuTaHus), ¥ JOKPAIINBAJINA TeMa-
TOKCHJIMHOM. KOJTMUeCTBEHHYIO OI€HKY SKCIIPECCHHU

Interstate Standard for the Care of Laboratory Ani-
mals (7th reissue, 2019).

The animals were divided into 2 groups. In group 1
rats, the post-toxic hepatosis was modeled by intra-
peritoneal administration of a 50% CCl, oil solution at
a dose of 1 ml/kg of body weight once every 4 days.
After each administration, on the following day, a
6.5% aqueous solution of ethyl alcohol (on average,
40 ml per 1 rat) was administered using a drinker. The
administration of CCl, and an aqueous solution of
ethyl alcohol was continued for 60 days until the for-
mation of liver cirrhosis with characteristic signs such
as ascites, hydrothorax, hemorrhage, and pseudo-lob-
ules in the liver. In group 2 animals (hepatosis + OD),
the post-toxic hepatosis was modeled in the same way
as in group 1, but since the 1st day of the experiment,
2 ml of a 5% aqueous solution of OD (40 kDa) was
administered intraperitoneally once every 4 days. The
administration of OD to group 2 rats (hepatosis + OD)
was continued for 60 days. Animals in all groups
throughout the experiment were kept in standard
vivarium conditions on a standard laboratory diet,
and were decapitated under tiletamine (50 mg) and
zolazepam (50 mg) at a dose of 0.1 ml per 100 g of
body weight on the 30th and 60oth days from the start
of the administration of toxicant solutions.

The large hepatic lobe was taken for the study.
After fixation of the liver samples in 10% neutral for-
malin solution, they were subjected to further con-
ventional tissue processing through ethanol of
increasing concentrations, and embedded in paraf-
fin. Serial sections of 5—6 um were made using a
Microm HM355S microtome (Thermo Scientific,
USA). Sections were stained with hematoxylin and
eosin. Immunohistochemical staining of sections
was carried out by the conventional peroxidase
method, monoclonal antibodies to TGF-, E-cad-
herin, vimentin, SNAIL + SLUG were used in the
dilution recommended by the manufacturer (Abcam,
Great Britain), and were counterstained with hema-
toxylin. The quantitative assessment of the expres-
sion of the above markers was performed using an
AxioStar microscope (Carl Zeiss, Germany) at mag-
nification x400 using a morphometric grid with a
test area of 1600 um?. The numerical density (Nai) of
liver nonparenchymal cells expressing TGF-f3
(Kupffer cells, endothelial cells, fibroblasts) was cal-
culated due to the ability of these cells to produce
this marker, their participation in the process of liver
fibrosis, inflammation [4]. The expression of E-cad-
herin, vimentin, SNAIL + SLUG was evaluated in
fibroblasts and hepatocytes [9].

Statistical analysis was performed using licensed
Microsoft software. The probability of significance of
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BBIIIIEYKA3aHHBIX (PAKTOPOB MPOBOAUIIU C HCIOJIb-
30BaHMEM CBETOBOTO MuKpockoma AxioStar (Carl
Zeiss, T'epMmaHus) mpu yBeJIMYEeHUU B 400 pas C
HCIIOJIb30BaHUEM MOP(MOMETPUYECKONH CeTKU ¢
TECTOBOH ILIOIIAABI0 1600 MKM2. IlomcuuThIBAIN
YUCJIEHHYI0 IUIOTHOCTH (Nai) HemapeHXMMaTO3HbIX
KJIETOK Ie4YeHH, skcupeccupyomux TGF-f (kiaerok
Kyndepa, sHpoTeauonuroB, ¢GuOpoOIacTOB), B
CBS3H CO CIIOCOOHOCTHIO BTUX KJIETOK IMPOJYIIHPO-
BaTh YKa3aHHBIN (aKTOp, yyacTueM HUX B IIpoliecce
(pubpo3upoBaHus TEeYeHU, BOCIAJIEHUH [4]. DKc-
npeccuio E-kaarepuna, sumentuna, SNAIL + SLUG
oleHuBaH B pubpobiracTax v rematonurax [9].
Crartuctuueckuil aHaIN3 IPOBOAIN C HCIOJIb-
30BaHUEM JIUIIEH3UPOBAHHOTO MPOTPaMMHOTO 00e-
crieueHuss Microsoft. BepoATHOCTD JTOCTOBEPHOCTH
pasyuuuil CpefHUX BEJIUYUH MEXJy CpaBHHBae-
MBIMH TPU3HAKAMH OIEHHUBAJIM TIPU MOMOIIH
t-xpurtepus CTbIOIEHTA, IPU YCJIOBUN HOPMAJIBHOTO
pacmpesesieHus BeJIMYNH B BADUAIIIOHHOM DSZY.

PE3YJ/IBTATDBI

3a BpeMs S5KCIEepUMEHTa JIETAJIBHBIX HCXO0B
CpeIu JKUBOTHBIX 1-H U 2-U IPyNIIbI He HAOJII0TaTH.
MaxkpoCKOIHYeCKH ITeYeHb KPbIC 1-H rpymnsl (remna-
TO3) ObLJIa IJIOTHOH, ¢ OYTPHUCTOM y3JI0BATOM IOBEPX-
HOCTBIO, TYCKJIOTO KpacHOro 1seTa. [Ipu MUKPOCKO-
MIIYECKOM HCCJIE/IOBAaHUU IeYeHU KpbIC 1-H (rema-
TO3) TpyIIbl OOHapyKuBaysu ¢Gubpo3 B 00JaCTH
MOPTAJIbHBIX TPAKTOB, MEX/y JIOJIEK U B TOJIIIE
J0JIeK K 30-M cyTkaM. QOpMHpOBaHUE JIOKHBIX
JIOJIEK PA3JIMYHOTO pas3Mepa Habaomaaun Ha 60-e
CYTKH BKCIEpPHUMeHTa. Y KpbIC 2-U Tpymmsl (rema-
T03 + O/]) Ha 30-e U 60-e CyTKH IIeUeHb MaKPOCKO-
MUYeCKN ObLIAa TJIAJIKOW, TEeMHO-KPAcHOTO IIBETA,
IJIOTHO-3JIACTUYECKOW  KOHCHUCTEHIIMHM, a IpHU
MUKDOCKOIIMUYECKOM ~ HCCJIEIOBAaHUU  HAOJII0/1an
OTJIOXKEHUE KOJIJIaTeHA BOKPYT IMOPTAJIbHBIX TPaK-
TOB, O/THAKO B MHBIX JIOKATU3AIUAX OTHOCUTEIIHHO
CTPYKTYPBI IIeU€HOUHBIX JI0JIEK, a TaK:ke popMUPO-
BaHUA JIOJKHBIX JI0JIEK He HAOJTI0TITH.

YucsieHHAs [JIOTHOCTH TEMIATOIUTOB, SKCIIPECCU-
PYIOIIMX BUMEHTHH, IpeobsiaJiajia B IEeYeHH KPbIC
1-U rpynmbl (Trernaros), B CpaBHEHUU C TaKOBOU Y
JKUBOTHBIX 2-U rpynnsl (remato3 + O/) Ha 30-e u
60-e cyTku (TabJr. 1, puc. 1, A).

VY )KUBOTHBIX 1-# (renaTos) rpymnmsl Ha 60-e CyTKH
OTMEeYaJd B 3 pa3a MEHBIIYI0 YHCJIEHHYIO ILIOT-
HOCTB I'el1aTOIIUTOB, SKCIIpeccupylomux E-kaireprH,
B CPaBHEHUM C TAaKOBOU y KpbIC, mosyuaBmux O/]
(2-s rpynma) (cm. Taba. 1, puc. 1, B).

VY KUBOTHBIX 1-H (rematos) IpyIIbl Ha 30-€ U
60-e CYTKU OTMeYayid B 2 pasa U 5 pa3 OOJIBIIYIO
YHCJIEHHYO TUIOTHOCTD TeNaTOI[UTOB, SKCIIPECCUPY-

differences between the compared mean values was
determined using the Student’s t-test, provided that the
values were distributed normally in the variation series.

RESULTS

During the experiment, fatal outcomes were not
observed among animals of the 1st and 2nd groups.
Macroscopically, the liver of group 1 rats (hepatosis)
was dense, with a lumpy, nodose surface, dull red in
color. Microscopic examination of the liver of rats
with hepatosis (group 1) revealed fibrosis at the por-
tal tracts, between the lobules and within the lobules
by the 30th day. The formation of pseudo-lobules of
various sizes was observed on the 60oth day of the
experiment. In group 2 rats (hepatosis + OD) on the
3oth and 60th days, macroscopically the liver was
smooth, dark red in color, solid and elastic, and dur-
ing microscopic examination the deposition of colla-
gen around the portal tracts was observed, however,
in other localizations, with respect to the hepatic lob-
ule structure, it was not found, as well as the forma-
tion of pseudo-lobules.

The numerical density of hepatocytes expressing
vimentin prevailed in the liver of group 1 rats (hepa-
tosis), in comparison with that of group 2 animals
(hepatosis + OD) on the 30th and 60th days (Table 1,
Fig. 1, A).

In animals of the 1st (hepatosis) group on the
60th day, a 3-fold lower numerical density of hepato-
cytes expressing E-cadherin was observed in com-
parison with that in rats receiving OD (group 2)
(Table 1, Fig. 1, B).

In animals of the 1st (hepatosis) group on the
3oth and 60th days, a 2-fold and 5-fold higher
numerical density of hepatocytes expressing SNAIL +
SLUG was noted in comparison with that in rats
treated with OD (group 2) (Table 1, Fig. 1, C).

The numerical density of fibroblasts expressing
vimentin prevailed in the liver of group 2 rats (hepa-
tosis + OD), compared with that of group 1 animals
(hepatosis) on day 30 (Table 2).

In animals of the 1st (hepatosis) group on the
60th day, a 6-fold higher numerical density of fibro-
blasts expressing E-cadherin was noted in compari-
son with that in rats treated with OD (group 2)
(Table 2).

In animals of the 1st (hepatosis) group on the
3oth and 60th days, a 6 and 7 times greater numeri-
cal density of fibroblasts expressing SNAIL + SLUG
was observed in comparison with that in rats treated
with OD (group 2) (Table 2).

It is known that SNAIL + SLUG proteins are
involved in disruprion of the assembly of cytoskele-
ton filaments of the epithelial cells, thus contributing
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Ta6suna 1. YucnenHas niaoTHOCcTh (Nai) renaTouuToB, IKCIPECCUPYIOLIUX MapKEPbI AU TeNIHaTbHO-Me3eHXUMaIbHON
TPaH3ULMH B Ie4eHHU KPbIC IPU TIOCTTOKCHYECKOM I'ellaTo3€ U B YCJIOBHUAX KOPPEKLUH OKUCJIEHHBIM AieKcTpaHoM (M + m)
Table 1. Numerical density (Nai) of hepatocytes expressing epithelial-mesenchymal transition markers in the liver of rats
with post-toxic hepatosis and treated with oxidized dextran (M + m)

Iloka3aTesib Ilepuoa Ha6 0geHNs (CyT) 1-a rpynna 2-g rpynna
Marker Follow-up (day) 1st group 2nd group
E-kaarepun 30 2.2+0.19 2.9+0.28
E-kadherin 60 1.9+0.15 5.9 +0.41*
BuMeHTHH 30 0.4+0.12 0.14 £ 0.07*
Vimentin 60 0.77 £ 0.19 0.03 + 0.03*
SNAIL + SLUG 30 3.7+0.26 1.9+0.28
60 59+0.45 0.1 +0.05*

* JlocTOBepHbIE pa3INYus CPeHUX BeJIMIUH Mexy 1-# u 2-i rpynnamu (p < 0.05).
* Differences of average values between the 1st and 2nd groups are significant (p < 0.05).

Puc. 1. DKCIIPECCHUs UCCIIEyEMbIX OEIKOB HEMAapEHXMMATO3HBIMU U [IAPEHXUMATO3HBIMY KJIETKAMU II€Y€HU KPbIC
1-i1 rpymmsl (remnaros) Ha 60-€ CyTKH 9KCIIEpUMEHTa: A — BUMEHTHHA B renaronurax; B — E-kajreprna B rermatorurax
u bubpobiacrax; C — SNAIL + SLUG B dubpobaacrax u renarorurax; D — TGF- B dubpobiacrax.
JloKpaluBaHyie reMaTOKCHIMHOM. YBeJIHUeHHE X400
Fig. 1. Expression of the studied proteins by liver nonparenchymal and parenchymal cells of group 1 rats (hepatosis) on
the 60th day of the experiment: A — vimentin in hepatocytes; B — E-cadherin in hepatocytes and fibroblasts; C — SNAIL +
SLUG in fibroblasts and hepatocytes; D — TGF-f in fibroblasts. Counterstaining with hematoxylin. Magnification x400
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Ta6smua 2. YucnenHas miotHocTb (Nai) pubpo6s1acToB, aKCIIPeCCUPYIOLIMX MapKepbl AU Te/IMalbHO-Me3eHXUMaIbHOM
TPAH3UIMY B TeYeHHU KPBIC C TOCTTOKCUYECKUM I'ellaTO30M U B YCJIOBHUAX KOPPEKIIMHU OKUCJIEHHBIM JieKcTpaHoM (M + m)
Table 2. Numerical density (Nai) of fibroblasts expressing epithelial-mesenchymal transition markers in the liver of rats
with post-toxic hepatosis and treated with oxidized dextran (M * m)

IToxasaTeJsib Ilepnoa Ha6/mogeHNs (CyT) 1-a rpynna 2-g rpynmna
Marker Follow-up (day) 1st group 2nd group
E-kaprepun 30 0.5+0.17 0.2 +0.09
E-kadherin 60 1.2+0.27 0.2 + 0.06*
BuMmeHTHH 30 0.4+0.14 1.5+0.33*
Vimentin 60 1.5 +0.37 1.3+0.38
SNAIL + SLUG 30 0.6 +0.16 0.1+0.08*
60 0.7 +0.19 0.1+0.07*

* JlocTOBepHbIe Pa3INYMs CPeHUX BeJUYHNH Mexay 1-1 u 2-i rpynnamu (p < 0.05).
* Differences of average values between the 1st and 2nd groups are significant (p < 0.05).

omux SNAIL + SLUG, B cpaBHEHHH C TaKOBOHU Y
Kkphic, noayuaBmux OJ] (2-s1 rpynma) (cm. Tabi. 1,
puc. 1, C).

YucsieHHas IWIOTHOCTh GUOPOOIACTOB, SKCIIPEC-
CUPYIOIINX BUMEHTUH, IIPe00Jiaiayia B IeUeH KPbIC
2-i1 rpynmsl (renato3 + O/]), B cpaBHEHUH € TAKOBOU
y JKHBOTHBIX 1-H rpynmsl (remnato3) Ha 30-€ CYyTKH
(Tabi. 2).

VY )KUBOTHBIX 1-# (renaTos) rpynisl Ha 60-e CyTKU
OoTMeYasu B 6 pa3 OOJIBIIYIO YHCIEHHYIO IVIOTHOCTD
¢pubpobiactos, sKcIpeccupyomux E-kajrepuH, B
CPaBHEHUH C TAKOBOH Y KpbIC, mosryuasmux O] (2-1
rpymma) (cM. Tabu. 2).

VY JKUBOTHBIX 1-U (remaTo3) TPYIIBI Ha 30-€ U
60-€e CyTKH OTMeYaTH B 6 1 7 pa3 OO0JIBIIYIO YHCIEH-
HYIO IUIOTHOCTb (bUOPOBIIACTOB, SKCIIPECCUPYIONIUX
SNAIL + SLUG, B cpaBHEHHHU C TaKOBOU y KpBIC,
nosyuyaBiiux O/ (2-s rpymma) (em. Tabs. 2).

N3BectHO, uTo 6esiku SNAIL + SLUG yuacTByOT
B HapylleHUUu cOOPKH (PHUIaMEHTOB IIMTOCKEJIEeTa
SIIUTEJINAJIBHBIX KJIETOK, TAKUM 00pa3oM Crocob-
CTBYs1 OOpeTeHUI0 KJIETKOU Me3eHXUMAaJIBHOTO WJIN
Me30ZiepMaIbHOTO UMMyHOdeHoTHIa [10]. Mcce-
JIOBaHUE YHCIIEHHON IUIOTHOCTH KJIETOK, 9KCIIPECCHU-
pyrorux SNAIL + SLUG, nokasaso, 4To y KpbIC 1-H
Ipymisl (Ternaro3) BeJIMYUHA UCCIeIyeMOoro oKa3a-
TeJis ¢ 30-X 1o 60-e CyTKU Bo3pocia Ha 35 %, Toraa
KaK y »KUBOTHBIX 2-U rpynmsl (renato3 + OJ) dwuc-
JIeHHasd IUIOTHOCTh KJIETOK, OSKCIPECCUPYIOIUX
SNAIL + SLUG, ymMeHBIITUI0Ch HAa Q0 % B aHAJIOTHY-
HBIU IIepuoJi sKcliepruMeHTa. [Ipy 3TOM unciaeHHas
IUIOTHOCTh KJIETOK, SKcIpeccupyomux SNAIL +
SLUG, Ha 30-e 1 60-€ CyTKH B II€YEHU KPbIC 1-i
rpynmsl (renato3) 6buia Ha 53 U 97 % Gosiblielr B
CPaBHEHHHM C TAaKOBOH B I€YEHU >KUBOTHBIX 2-H
rpymisl (rematos3 + O/]) (cm. Taba. 1, puc. 1, C).

to the acquisition by the cell of a mesenchymal or
mesodermal immunophenotype [10]. A study of the
numerical density of cells expressing SNAIL + SLUG
showed that in rats of group 1 (hepatosis), the indica-
tor increased by 35% from the 30th to the 60th day,
whereas in animals of group 2 (hepatosis + OD), the
numerical density of cells expressing SNAIL + SLUG
decreased by 90% in the same time period. At the
same time, the numerical density of cells expressing
SNAIL + SLUG on the 30th and 60th days in the liver
of group 1 rats (hepatosis) was 53 and 97% higher
compared to that in the liver of group 2 animals
(hepatosis + OD) (Table 1, Fig. 1, C).

In the liver of animals of the 2nd group (hepatosis
+ OD), a lower numerical density of cells expressing
SNAIL + SLUG, in comparison with that of animals
of the 1st group (hepatosis), was combined with a
less pronounced (2.5 times — on the 3oth day and
3.6 times — on the 60th day) expression of TGF-§
(Table 3, Fig. 1, D).

DISCUSSION

The results obtained indicate the predominance of
cells expressing vimentin in the liver of rats with post-
toxic hepatosis (group 1), which is probably associ-
ated with the expression of SNAIL + SLUG and TGF-f3
and contributes to the mesenchymal transformation
of liver cells and the progression of fibrosis with the
formation of pseudo-lobules [11, 12]. At the same
time, the OD has the ability to mediate less active pro-
duction of TGF-f by liver cells, to prevent the forma-
tion of a mesenchymal trend in cell differentiation
and the development of liver fibrosis and cirrhosis.

The result of the study demonstrates the involve-
ment of EMT markers in the antifibrotic activity of
OD, which is realized in a lower production of TGF-3
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Ta6una 3. YucsienHas mioTHocTh (Nai) HelmapeHXMMATO3HbBIX KJIETOK NeYeHU KPbIC, IKcpeccupyoomux TGF-f3,
NPU NOCTTOKCUYECKOM renaTo3e U B YCI0BUSAX KOPPEKIMU OKHCJIEHHBIM JleKcTpaHoM (M + m)
Table 3. Numerical density (Nai) of liver nonparenchymal cells of rats expressing TGF-f in post-toxic hepatosis

and treated with oxidized dextran (M * m)

IlokasaTeJ/ib Ilepuoa Ha6m0aeHMs (CyT) 1-a rpynna 2-1 rpynmna
Indicator Follow-up (day) 1st group 2nd group
Knetky, akcnpeccupytomue TGF-3 30 3.8+0.33 1.5 +0.22*
Cells expressing TGF- 60 6.5 + 0.47 1.8 +0.18*

* JlocTOBepHbIE OTJIMYHS TPU CPAaBHEHHUH BeJIUYHH 1-U 1 2-1 rpynmsl (p < 0.05).
Differences of average values between the 1st and 2nd groups are significant (p < 0.05).

B meuenu >kUBOTHBIX 2-1 rpynmsl (rernaros + O/])
MEeHbIIIas YHCJIeHHASA IJIOTHOCTh KJIETOK, DKCIIPec-
cupyomux SNAIL + SLUG, B cpaBHEHHUU € TAKOBOU
y JKHBOTHBIX 1-H TPyIIbI (Ternaro3), coyeTaaach C
MeHee BhIpaKeHHOH (B 2.5 pa3a — Ha 30-€ CYyTKH U B
3.6 paza — Ha 60-e CyTKH HKCIEPUMEHTA) SKCIIPEC-
cueit TGF-f (tabu. 3, puc. 1, D).

OBCYK/IEHUE

[TosiyuyeHHBIE pE3YJIbTATHI YKa3bIBAIOT Ha IIPE0D-
JIalaHNe KJIETOK, SKCIIPEeCCHUPYIOIINX BUMEHTHUH, B
IeYeHU KPBIC C IOCTTOKCUYECKHM Ternaro3oM (1-s
IpymIa), 4To, BEPOSTHO, CBA3aHO C SKCIIpeccuel
SNAIL + SLUG u TGF-P u ciocobCTByeT «Me3eHXH-
MaJTBHOM» TpaHChOPMALUH KJIETOK ITeYEeHU U IIPO-
rpeccupoBaHuio Gpubpo3a ¢ 06pa3oBaHUEM JIOKHBIX
nmoJek [11, 12]. Bmecre ¢ tem O/ obJ1azaer criocobHo-
CTBIO OIIOCPEJIOBATh MeHee aKTHUBHYIO NPOAYKIIHIO
wietkamu neuenn TGF-f, npensarcrBoBarh Gpopmu-
pOBaHUIO «ME3€HXHMAaJbHOW» HAIPaBJIEHHOCTH
nuddepeHITIPOBKY KIETOK U pa3BUTHIO Gubposa u
UPPO3a IIeYeHHU.

PesysibTaT IPOBEZIEHHOTO UCCIIEIOBAHUSA IEMOH-
crpupyert yuactue MmapkepoB OMT B mpotuBodubpo-
truaeckoil addexruBroctn O/, KOTOpas peaynsy-
eTcsi B MeHbIed npoaykuuu TGF-f u ero uuaykro-
poB SNAIL + SLUG, uTo, BEpPOSAITHO, CBSI3aHO C JIN30-
COMOTDOITHOCTBIO U MeJJIeHHOH fierpasanveii O/l B
BAaKyOJIADHOM aIlmapaTe MakpodaroB, y4acTBYIO-
X B OTBETHOU peaKI[UU Ha IOBPEXK/EHNE ITeUeHN
IIPH IIOCTTOKCUYECKOM TrelaTo3e U IOoCceAyroIei
pelnapanuu opraHa.

OueBuHO, YTO IPH GUOPO3€E U IUPPO3€ MEUEHU
Makpodaru nedeHU HMMeEIOT ABHbIE YepThl KJIETOK
tuna M2 [12, 13]. IIpu 3TOM BbICOKasT SKCIIPECCHUs
TGF-f B HemapeHXWMATO3HBIX KJIETKAX IMEYeHH
coueTajlach CO CHUKeHUeM dKcupeccuu E-kazre-
pUHa, yBeJIUYEHHEM HKCIIPECCUU BUMEHTHHA, OTpa-
skad npoAsiaeHua OMT kak B NapeHXUMAaTO3HBIX,
TaKk W HeNapeHXMMAaTO3HBbIX KJIeTKaxX IedeHu [9].
Mo2xkHO TIpeinoIoKUTh, YTO puMeHeHue O/] mipu-
BOJUT K HaKOIUIEHUIO ero B Makpodarax, B TOM

and its inducers SNAIL + SLUG, which is probably
due to lysosomotropic activity and slow degradation
of OD in the vacuolar apparatus of macrophages
involved in the response to liver damage in post-
toxic hepatosis and subsequent organ repair.

It is obvious that in liver fibrosis and cirrhosis,
liver macrophages have distinct features of M2 cells
[12, 13]. At the same time, the high expression of
TGF-f in liver nonparenchymal cells was combined
with a decrease in the expression of E-cadherin, an
increase in the expression of vimentin, reflecting the
manifestations of EMT in both liver parenchymal
and nonparenchymal cells [9]. It can be assumed that
the use of OD leads to its accumulation in macro-
phages, including in Kupffer cells, which prevents
their expression of TGF-§ and its inducers SNAIL +
SLUG. In addition, the OD may interfere with the
assembly of collagen from tropocollagen by forming
strong bonds with aldehyde groups [8]. The decrease
in fibroplastic complications in the liver may also be
due to a decrease in the expression of TGF-3, SNAIL
+ SLUG, vimentin in fibroblasts.

CONCLUSION

The study conducted allows us to draw the follow-
ing conclusions:

1. In post-toxic hepatosis, the expression of TGF-3,
SNAIL + SLUG, and vimentin proteins increases in
liver parenchymal and nonparenchymal cells, con-
tributing to the acquisition of a mesenchymal immu-
nophenotype by cells, which leads to an increased pro-
fibrotic activity and formation of liver cirrhosis.

2. The use of the OD in post-toxic hepatosis
reduces the expression of vimentin, TGF-3 and epi-
thelial-mesenchymal transition-associated proteins
in liver parenchymal and nonparenchymal cells,
which decrease the severity of fibroplastic processes
and prevents the liver cirrhosis development.
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yuciie B KieTkax Kymdepa, 4To mpensTcTByeT 3KC-
npeccur umu TGF-f u ero waaykropoB SNAIL +
SLUG. Kpome Toro, O/I, BO3MOKHO, IIPEMATCTBYET
cOOpKe KoJUIareHa U3 TPOIOKoJIIareHa IryTeM o0pa-
30BaHUs MMPOYHBIX CBA3EH C aJIB/IETUTHBIMU TPYTI-
namu [8]. CHmkeHre GUOPOILIACTUYECKUX OCJIONK-
HEHUU B MEUYeHU MOJKET OBITh TaK:Ke OOYCJIOBJIEHO
ymenblieHrem skcrpeccun TGF-f, SNAIL + SLUG,
BUMEHTHHA B pubpobacrax.

3AK/IOYEHUE

[TpoBeneHHOE HCCTe0BAHIE TI03BOJISAET CIEIaTh
CJIeMTyIOIIHe BHIBOIBI:

1. IIpu TOCTTOKCUYECKOM TeltaTo3e B HapeHxuMa-
TO3HBIX U HEMAPEHXHMMATO3HBIX KJIETKaX IeYeHU
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Bospacraer skcrpeccus 0enxoB TGF-B, SNAIL +
SLUG u BUMEHTHHA, CIIOCOOCTBYSI OOPETEHUIO KJIET-
KaMHU Me3eHXHMAaJIbHOTO HUMMYHO(EHOTHIIA, YTO
IIPUBOAUT K YCHJIEHUIO TPOPUOPOTIIECKUX dPdek-
TOB U (pOPMHUPOBAHUIO IPPO3a IIEUEHH.

2. [Ipumenenue O/] Ipu IOCTTOKCUYECKOM Tela-
TO3€ CHIKAeT JKcIpeccuio BuMmeHtuHa, TGF-f u
0eJIKOB BIUTETNATbHO-Me3eHXUMAIbHON TpaH3U-
MU B MAPEHXMMATO3HBIX U HeIapeHXUMAaTO3HbIX
KJIETKaxX IIeYeHH, YTO yMEHBIIAeT BBIPAKEHHOCTH
(pubpoOIIaCTHIECKUX TIPOIECCOB U IPEMATCTBYET
(bopMHUPOBaHUIO TUPPO3a TIEUESHH.

KoH}IMKT HHTEPECOB. ABTOPHI 3aABJISAIOT 00
OTCYTCTBUU KOH(JIMKTA HHTEPECOB.
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